Perceptual Span during Reading
During a fixation the spatial extent of visual processing is quite narrow. As demonstrated in the gaze-contingent moving-window paradigm, normal skilled readers of English need visual information only from up to 4 letters to the left and at most 14-15 letters to the right of fixation in order to maintain a normal reading rate (McConkie & Rayner, 1975) . The area from which useful visual information is extracted during a single fixation is termed the perceptual span. The perceptual span in reading normal English text is asymmetric to the right because readers need to move their eyes in this direction, and the act of programming an eye-movement causes an obligatory shift of covert attention to the saccade target (Deubel & PERCEPTUAL SPAN OF CHINESE DYSLEXICS IN RAN TASKS 4 Schneider, 1996) .
The asymmetry and the extent of the perceptual span are not constant but depend on various factors such as reading skill: for example, Rayner (1986) reported that beginning readers have a reduced perceptual span, extending about 11 letters to the right of fixation. Presumably because of lower cognitive processing efficiency, beginning readers need to devote more of their attentional resources to the foveal word than skilled readers do (see also Häikiö, Bertram, Hyönä, & Niemi, 2009) . It has also been demonstrated that the perceptual span varies as a function of reading material. Inhoff, Pollatsek, Posner, and Rayner (1989) found that the asymmetry of the perceptual span of English readers shifted to the left when they were forced to read from right to left. Similarly, the perceptual span of Israeli readers is also asymmetric to the left because the reading direction of Hebrew text is leftwards (Pollatsek, Bolozky, Well, & Rayner, 1981) . The width of the span is limited by cognitive rather than perceptual factors: While approximately constant if measured using the amount of information in bits, the size of the span measured in characters is smaller in writing systems with more densely packed information. For example, the perceptual span in Chinese extends 1 character to the left and 2-3 characters to the right of fixation (Inhoff & Liu, 1998) .
The size of the perceptual span is also relevant in the gaze-contingent boundary paradigm (Rayner, 1975) . In this paradigm the visibility of a parafoveal word N+1 during fixations on pretarget words N is under experimental control, that is, identical or masked previews are replaced by the target words only after readers' eyes cross an PERCEPTUAL SPAN OF CHINESE DYSLEXICS IN RAN TASKS 5 invisible boundary located between words N and N+1. Preview benefit (PB) is indicated by a positive difference between fixation durations on target word N+1 when preview has been denied compared to when preview has been available during the previous fixation.
Importantly for the present context, readers dynamically adjust the size of their perceptual spans to the processing difficulty of texts. Inhoff et al. (1989) demonstrated that readers were able to extract more parafoveal information when the order of letters in a word was normal than when it was transformed. Henderson and Ferreira (1990) reported that parafoveal processing efficiency was reduced when pretarget foveal words were more difficult, suggesting that the attentional focus on the difficult foveal word narrowed the perceptual span, and thus less parafoveal information was acquired.
For Chinese reading Yan, Kliegl, Shu, Pan, and Zhou (2010) demonstrated that the size of the perceptual span is modulated not only by foveal but also by parafoveal processing load.
Dyslexia and Eye-Movement Control
It is generally accepted that decisions about when and where to move the eyes are driven by two largely independent processes in eye-movement control (Rayner & McConkie, 1976; Findlay & Walker, 1999) . How do dyslexic readers compare to normal readers in this respect? Eye-movement control deficit, especially about where to fixate, was once considered as a possibly causal factor for dyslexia. For example, Pavlidis (1981) reported group differences in eye-movements between dyslexic and normal readers in a simple saccadic task. However, Pavlidis's results (1981) were not PERCEPTUAL SPAN OF CHINESE DYSLEXICS IN RAN TASKS 6 replicated in later studies using similar tasks (e.g., Olson, Kliegl, & Davidson, 1983; Stanley, Smith, & Howell, 1984) . Several other studies also failed to establish differences between normal and dyslexic readers in eye-movements during non-reading tasks (e.g., Hutzler, Kronbichler, Jacobs, & Wimmer, 2006) , but there is some evidence that eye-movements measured in visual-attention tasks can be used to discriminate between the groups-at least when naming or storage of letters in visual-short memory is required (e.g., Hawelka & Wimmer, 2005) .
On the other hand, as there is a general agreement that eye-movements reflect cognitive processing and understanding of the text, even if dyslexic readers' oculomotor control is not a cause of reading problems, their eye-movements may well reflect cognitive processing difficulties (e.g., Hawelka, Gagl, & Wimmer, 2010) .
There is already some evidence that reading deficiency may translate into a smaller perceptual span. Rayner, Murphy, Henderson, and Pollatsek (1989) reported for two dyslexic readers that their reading rate peaked for a two-word gaze-contingent window condition whereas the rate of normal readers was usually at a maximum for a three-word window.
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Rapid Automatized Naming
We propose to follow up on this research but rather than using normal reading, we will test whether there are group differences in the perceptual span during Rapid 1 They also reported data from one adult dyslexic reader with a selective-attention deficit who actually read faster in the one-word than the two-word condition.
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Automatized Naming (RAN; Denckla & Rudel, 1976 ). In the RAN task, readers are required to name a series of familiar stimuli, such as letters, digits, colors, or objects.
The RAN task is one significant indicator of development status in reading skill (Kirby, Parrila, & Pfeiffer, 2003; Logan, Schatschneider, & Wagner, 2011) . Dyslexic children on average perform poorer than normal children in this task (see Norton & Wolf, 2012 , for a review). RAN measures the speed of accessing phonological codes from visual stimuli, however, it is not clear how RAN relates to reading, and the reason for the RAN difference between normal and dyslexic readers is an active area of research. In particular, the group differences appear to be largest for rapid naming of digits and letters (termed alphanumeric below) as compared with naming of objects and colors (Bowey, McGuigan, & Ruschena, 2005; Cardoso-Martins & Pennington, 2004 ).
This interaction might be explained by the multicompoential view of the RAN task (Wolf & Bowers, 1999; Norton & Wolf, 2012) , which suggests that, aside from dyslexics' phonological-processing deficit, normal readers' alphanumeric naming is more automatized and closer to reading than object naming. We propose that if automaticity of the independent components plays a key role, then dyslexic readers are predicted to spend more attentional resources on the task of translating symbols to phonology. Given the documented attentional modulation of the perceptual span, it follows that their perceptual span should be restricted, because relatively fewer resources are available for parafoveal preprocessing.
The best way to test this prediction is to experimentally restrict the amount of PERCEPTUAL SPAN OF CHINESE DYSLEXICS IN RAN TASKS 8 preview. Surprisingly, this prediction has rarely been put to experimental test. One exception is a study by Jones, Branigan, and Kelly (2009) , who used a discrete format with voice-activated presentation of the next item and found somewhat reduced group differences with the discrete format. However, by the time an item is voiced, most of the visual processing is presumably finished. Using a gaze-contingent paradigm, Logan (2009) manipulated the amount of parafoveal information (full preview, one-letter preview, and no preview) in the RAN task among normal first-grade readers and found preview benefit from the one-letter preview condition. Jones, Ashby, and Branigan (in press) manipulated the orthographic and phonological similarity between the foveal and the parafoveal letters. They found that adult dyslexics were more affected by parafoveal orthographic confusability. However, little is known about how dyslexic children differ from normal children in parafoveal processing efficiency in the RAN task from all these previous studies. In the present study we restricted the available preview using gaze-contingent presentation to more directly study influences of automaticity on the perceptual span in the RAN task. Marking the locations of the to-be-fixated items allowed us to investigate whether the "where" decision remains intact among dyslexic children when there is no influence from higher cognitive level (i.e., in the discrete-RAN).
Method Subjects
A total of 35 native Chinese dyslexic children from Grade 5 (20 boys and 15 girls) with normal or corrected-to-normal vision participated in the eye-tracking experiment.
Twenty-eight fifth-graders (13 boys and 15 girls) also participated in the experiment serving as a control group. Parents of the participating children gave their consent on the test by signing a form. Eye-movement data from all subjects were analyzed, but naming data from 7 subjects were removed from the naming speed analysis due to a sound recording error (5 boys from the dyslexic group and 2 boys from the control group).
As shown in Gong & Cai, 1993) . Children in the dyslexic sample scored 85 or higher in WISC with two exceptions of 83 and 84. Dyslexia was diagnosed through a standard test based on a character recognition task, which has proven to be diagnostic in previous studies in mainland China (Shu, et al., 2006; Zhang, Zhang, Shu, Xi, Wu, Zhang, & Li, 2012) . None of our participants were diagnosed with attentional deficits. Note: Children classified as dyslexics scored at least 1.5 standard deviations below their respective grade mean in the character recognition task. *** p<.001.
Material
Five digits (1, 2, 3, 4, and 5) were used. Each of them extended 66*70 pixels on the screen and was repeated 6 times in a 10-column by 3-row matrix in a trial. The digits were listed in random orders with the constraint that adjacent items were not the same. Digits were displayed in black and were centered on white rectangles marking PERCEPTUAL SPAN OF CHINESE DYSLEXICS IN RAN TASKS 11 item locations, which were presented on a gray background. The horizontal inter-item distance was 116 pixels, and the distance between rows of items was 256 pixels.
Apparatus
Eye-movements were recorded using an EyeLink1000 Desktop system. The items were presented on a 19-inch Viewsonic G90f monitor (resolution, 1280 by 1024 pixels; frame rate, 85 Hz). Therefore, it took at most 15 ms to complete the display change. Subjects were seated comfortably with a forehead rest at a distance of 57cm figure) crossed the invisible vertical boundary located between every two items.
As shown in Figure 1 , in continuous-RAN, all digits were presented on the screen simultaneously. In contrast, in discrete-RAN, crossing an invisible vertical boundary located between the to-be-fixated item and the previous one triggered the appearance of the next digit, and simultaneously also eliminated the previous one so PERCEPTUAL SPAN OF CHINESE DYSLEXICS IN RAN TASKS 13 that only a single item was displayed at a time during reading (see Logan, 2009 , for a similar paradigm but using # as masks). All other item positions were marked by empty rectangular black frames. Each subject read 20 screens in total. Trials with the same condition were blocked and the order of the blocks was counterbalanced across subjects.
Data Analysis
For eye movement duration measures, we distinguish among first-fixation durations (FFDs; the first fixation on a word, irrespective of the number of fixations), single-fixation durations (SFDs; cases in which a word was inspected with exactly one fixation), and gaze durations (GDs; the sum of fixations during the first-pass reading of the word). In reading, FFD and SFD are often considered as an index for early lexical processing whereas GD is particularly sensitive to post-lexical processing (Inhoff, 1984) . In addition, we also analyzed the fixation landing-position and the saccade amplitude. In terms of parafoveal processing, landing position further into a region and longer saccades are interpreted as evidence for more information obtained parafoveally during previous fixations (Inhoff, 1989; Hirotani, Frazier, & Rayner, 2006) .
Although each item in the RAN tasks occupied only 66*70 pixels, the AOI (i.e., area of interest) for each item was defined as a region of 116*256 pixels centered on the item so that most fixations in a trial could be assigned to an AOI. Data were selected for analyses in three steps: First and last items in a row were deleted. Further, if a blink happened during first pass reading of a certain item, this item was excluded given the number of subjects and the large number of observations for each subject, the t-statistic in LMMs (i.e., M/SE) effectively corresponds to the z-statistic. Analyses for untransformed and log-transformed durations yielded the same pattern of significance.
Results
Naming Speed Analysis
The first row of Table 2 shows the total naming time. The main effects of group SE=0.58, ) and condition SE=0.13, and their interaction SE=0.11, ) were all significant. Further simple analyses PERCEPTUAL SPAN OF CHINESE DYSLEXICS IN RAN TASKS 15 showed that both groups were slower in the discrete-RAN than in the continuous-RAN condition (control: b=6.43, SE=0.15, t=44.21; dyslexic: b=5.24, SE=0.16, t=31.98) . The larger difference between the two conditions for the control group indicated by the significant interaction suggests that they process parafoveal information more efficiently; they are more impaired by denial of preview. We address this topic in a more detailed way in the following eye-movement analyses. Note: Means and standard deviations are based on subject means.
Duration Analyses
The means and standard deviations of duration measures are presented in Table 2 .
There were significant main effects of group in SE=0.029, and SE=0.027, SE=0.006, SE=0.005, SE=0.005, ; for SFD, FFD and GD analyses, respectively), indicating a higher processing difficulty for discrete-RAN over continuous-RAN due to lack of parafoveal information. Critically, we also observed significant interactions between group and condition for all three measures SE=0.006, SE=0.005, SE=0.005, ; for SFD, FFD and GD analyses, respectively). As shown in Table 1 and Figure 2 , task strongly modulated the group differences. The two groups differed in all three duration measures in continuous- RAN (b=0.140, SE=0.028, t=4.93; b=0.090, SE=0.027, t=3.28 and b=0.195, SE=0.029, t=6.65 ; for SFD, FFD and GD analyses, respectively), but the group difference was greatly reduced in 
Landing-Position Analyses
Discussion
There has been suggestive evidence for a reduction of the perceptual span associated with dyslexics in text reading, however, such an assumption has never been PERCEPTUAL SPAN OF CHINESE DYSLEXICS IN RAN TASKS 18 statistically confirmed nor extended to non-reading tasks. We tested the difference in parafoveal processing efficiency between normal and dyslexic readers in RAN tasks, and compared a standard format with a gaze-contingent discrete version of the RAN.
The three main results were, first, a general slowdown in discrete-RAN, presumably due to the increase of processing difficulty given the lack of any preview. Second, eye-movement measures revealed that this slowdown arose from prolongations of fixation durations and a reduction of saccade amplitude. Most importantly, third, the interactions between RAN condition and subject group consistently indicated that dyslexics extract less parafoveal information. In other words, they do not look as far ahead and, therefore, are less impaired by denial of parafoveal preview.
RAN and Eye-Movement Control
The mechanism underlying the statistical relationship of RAN and reading has long been discussed. Subjects' performance in RAN has been shown to be a strong predictor of their later reading ability, presumably because the components of RAN share essential features with text reading (Norton & Wolf, 2012) . Wolf and Bowers (1999) list seven subprocesses involved in RAN performance, including attentional, visual, and phonological processes. However, most of these subprocesses are shared with discrete-RAN and with a rapid naming task (of individual items at the center of screen (Logan et al., 2011) , both of which are weaker predictors of reading than continuous-RAN.
Thus we would like to point to the importance of processes that are unique to continuous-RAN, such as attentional processes to the stimulus. In particular, just like (Jones et al., in press; Jones, Obregón, Kelly, & Branigan, 2008) argued similarly that adult dyslexic readers are sensitive to parafoveal information in RAN. These studies jointly suggest the important role that eye-movements play in RAN. The present study provides more conclusive evidence towards this point.
The Reduction of Perceptual Span for Dyslexics
The key finding of the present study is that normal and dyslexic readers differ in the size of the perceptual span. Our results are in agreement with Rayner et al. (1989) , who tested two dyslexic readers with a general language-related deficit and suggested that the difficulty in processing foveal words narrowed the perceptual spans for dyslexic readers. The result warranted a replication with a larger sample. Also, Rayner et al.'s conclusion referred mainly to overall reading rate (in words per minute; see also Footnote 1).
Results from the present study statistically consolidate Rayner et al.'s (1989) assumption through the significant interactions between group and condition: normal readers acquired more parafoveal information and exhibited stronger preview benefits whereas dyslexics needed to spend more attentional resources presumably due to their difficulty in translating from visual symbols to their phonological representations (Manis, Seidenberg, & Doi, 1999 This causes prolonged fixation durations. Indeed, the group difference in durations was much larger for the continuous-RAN than for the discrete-RAN condition. Thus, the group difference is mainly due to control readers' better parafoveal processing.
However, we think that this larger perceptual span is a consequence of control readers' more automatic foveal processes, which allows attention to spread more widely, again consistent with the Pan et al., (2012) study described above. Development of automaticity acts like a positive feedback loop in this conception: the more automatized the conversion of symbolic input to phonological output, the more attentional resources can be devoted to parafoveal preprocessing, and more pre-processing of symbolic input leads to a head-start in converting it into phonological output.
There are also results that inform about where decision of dyslexics: Neither inter-word saccade amplitude nor landing-positions differed significantly between groups in discrete-RAN, indicating that in this condition dyslexics' performance in saccade-target selection was not influenced by their foveal processing deficiency. The results are nicely in agreement with findings that beginning readers can select word centers as the optimal viewing position as early as first-grade in primary school (Aghababian & Nazir, 2000; McConkie, Zola, Grimes, Kerr, Bryant, & Wolff, 1991) .
If readers obtain information parafoveally, their eyes are expected to target a position further away from word beginnings. The group difference in saccade amplitude and PERCEPTUAL SPAN OF CHINESE DYSLEXICS IN RAN TASKS 22 landing-position in continuous-RAN, again, supports an interpretation in terms of differences in perceptual span and extraction of parafoveal information.
Conclusion
Our results clearly indicate that dyslexics make less use of parafoveal information than normal readers. However, we do not think that the lack of use of parafoveal information is the cause for dyslexia. Rather, our results are compatible with the view that "the smaller perceptual span and erratic eye movements are symptoms, rather than causes, of developmental dyslexia" (Morris & Rayner, 1991, p.238) . The deficit in translating print into phonological output is likely caused by dyslexics' less well-automatized translation routines between digits and associated phonological representations (Pan et al., 2012) , leading to a lack of availability of attentional resources for parafoveal preprocessing.
